The dataset is available from a public repository "University of Maryland at Baltimore (UMB) Digital Archive" via the following weblink: <https://archive.hshsl.umaryland.edu/handle/10713/11018>.

Introduction {#sec005}
============

Overweight/obesity is a serious health problem among adolescents. A national survey reported that black adolescents have a higher prevalence of overweight/obesity than white adolescents (overweight or obesity, 37.1% vs. 29.5%; obesity, 18.8% vs. 15.7% \[[@pone.0228585.ref001]\]). Adolescents from low-income families are at increased risk for overweight or obesity \[[@pone.0228585.ref002], [@pone.0228585.ref003]\]. Behavioral, physiological, and emotional mechanisms are thought to contribute to overweight/obesity among adolescents through a process described in the Cyclic Obesity/Weight-Based Stigma model (COBWEBS \[[@pone.0228585.ref004]\]). For example, overweight/obesity may lead to weight stigma, a stressor that initiates emotional (e.g. body dissatisfaction or depressive symptoms), behavioral (e.g. overeating), and physiological responses (e.g. elevated secretion of cortisol), resulting in further weight gain \[[@pone.0228585.ref004]\]. Body image dissatisfaction is the discrepancy between perception of body weight and shape and perception of ideal appearance \[[@pone.0228585.ref005]\]. Both body dissatisfaction and depressive symptoms have serious health consequences and are prevalent among adolescents. Body dissatisfaction has been associated with eating disorders e.g. bulimia and anorexia \[[@pone.0228585.ref006]\], and depressive symptoms have been associated with academic problems and failure, substance abuse, self-harming behaviors and suicide \[[@pone.0228585.ref007]\] and depression in adulthood \[[@pone.0228585.ref008]\]. Approximately 40% of adolescent females and 23% of adolescent males are dissatisfied with their bodies \[[@pone.0228585.ref009]\]; and the prevalence of major depressive episodes within the past year is 20.0% among adolescent females and 6.8% among adolescent males \[[@pone.0228585.ref010]\]. The prevalence of both health problems is elevated among overweight/obese adolescents \[[@pone.0228585.ref011], [@pone.0228585.ref012]\]. The adverse health consequences warrant examining the risk factors of body dissatisfaction and depressive symptoms among adolescents, especially adolescents with overweight/obesity.

The association between body dissatisfaction and depressive symptoms has been well established in cross-sectional studies among adolescents \[[@pone.0228585.ref013]--[@pone.0228585.ref016]\]. Based on the thin-ideal internalization model \[[@pone.0228585.ref017]\], body dissatisfaction leads to depressive symptoms. Adolescents accept thinness as socially defined ideals of attractiveness in the media\[[@pone.0228585.ref018]\] and internalize these ideals with positive attributes such as desirability and attractiveness \[[@pone.0228585.ref019]--[@pone.0228585.ref021]\]. A discrepancy between ideal weight or shape and actual weight or shape can result in body dissatisfaction, which leads to depressive symptoms \[[@pone.0228585.ref020]\]. This theory has been supported by longitudinal studies that reported body dissatisfaction as a risk factor for subsequent depressive symptoms \[[@pone.0228585.ref022]--[@pone.0228585.ref027]\]. However, a reverse relation has also been proposed. Depressive symptoms may lead to negative self-appraisal and when it was reflected on body weight, result in body dissatisfaction \[[@pone.0228585.ref028], [@pone.0228585.ref029]\].

Assessment of the bidirectional relations between body dissatisfaction and depressive symptoms (testing both directions) in prospective studies is important for causal inference. However, studies have seldom assessed bidirectional relations. To our knowledge, only two studies have examined the bidirectional relations in adolescence \[[@pone.0228585.ref030], [@pone.0228585.ref031]\]. One study assessed two cohorts of racially mixed adolescents aged 12.9 years and 15.9 years respectively and reassessed them at the 5-year and 10-year follow up \[[@pone.0228585.ref031]\]. The other study assessed a sample of two cohorts of mainly white adolescents in England aged 8--9 years and aged 11--12 years, separately, over three years \[[@pone.0228585.ref030]\]. In addition, two other studies examined the relation between antecedent body dissatisfaction and later depressive symptoms \[[@pone.0228585.ref026]\] and the reverse relation \[[@pone.0228585.ref032]\], respectively, using the same sample of mainly white children and adolescents followed for 5 years. These studies reported mixed findings, suggesting that the bidirectional relations between body dissatisfaction and depressive symptoms are complex, and depend on developmental period (age) and sex. We did not identify any studies that assessed bidirectional relations among Black adolescents, especially from low-income families.

The prevalence of overweight/obesity is higher among Black adolescents, compared to White adolescents \[[@pone.0228585.ref001]\]. Adolescents from low-income families are at higher risk of overweight/obesity, possibly because of the lack of resources for physical activity or healthy diet in their family or neighborhood \[[@pone.0228585.ref002], [@pone.0228585.ref003]\]. In addition, there have been reports that Black adolescents prefer a bigger body size than White adolescents \[[@pone.0228585.ref033], [@pone.0228585.ref034]\]. Relations between body dissatisfaction and depressive symptoms found mainly among White adolescents \[[@pone.0228585.ref009], [@pone.0228585.ref022], [@pone.0228585.ref025], [@pone.0228585.ref026], [@pone.0228585.ref030]\] need to be examined among Black adolescents from low-income families \[[@pone.0228585.ref033], [@pone.0228585.ref035]\]. In addition, weight status is related to both body dissatisfaction and depressive symptoms, and is an important factor to consider in the examination of relations between body dissatisfaction and depressive symptoms \[[@pone.0228585.ref036], [@pone.0228585.ref037]\]. We did not identify any bidirectional studies that assessed the relations by weight status.

Sex is related to body dissatisfaction and depressive symptoms. The relationship between the internalization of the thinness ideal and body dissatisfaction has been examined more frequently in adolescent females than in adolescent males. Some adolescent males desire muscularity, rather than thinness \[[@pone.0228585.ref038]\]. Sex differences in depressive symptoms emerge in early adolescence with females reporting more symptoms than males. In addition, studies examining bidirectional relations between body dissatisfaction and depressive symptoms reported sex variation in the relations \[[@pone.0228585.ref030], [@pone.0228585.ref031]\]. Weight status also varies by sex; adolescents girls have a higher prevalence of overweight/obesity than adolescent boys from low-income families, based on a national study \[[@pone.0228585.ref003]\]. The addition of variation by both weight status and sex in the investigation of bidirectional relations between body dissatisfaction and depressive symptoms among Black adolescents is novel.

To fill the gaps, this prospective study investigates the bidirectional relations between body dissatisfaction and depressive symptoms among Black adolescents from low-income families. Adolescents with overweight/obesity and adolescents of healthy weight were assessed separately. Based on the COBWEBS model and prior investigations, we tested two hypotheses: (1) body dissatisfaction and depressive symptoms are higher among the overweight/obese group, compared to the healthy weight group, (2) there are bidirectional relations between body dissatisfaction and depressive symptoms in the overweight/obese group, not in the healthy weight group. In addition, we conducted exploratory analyses on the sex variation in the relations for each weight status.

Materials and methods {#sec006}
=====================

Participants {#sec007}
------------

Two hundred and thirty-five adolescents between 11--16 years of age from low-income communities were recruited from primary care clinics at an urban, university medical center, and from urban middle schools to participate in a randomized controlled trial of health promotion/obesity prevention intervention \[[@pone.0228585.ref039]\]. Data on socio-demographic characteristics, body dissatisfaction and depressive symptoms were collected through computerized audio computer-assisted self-interview (ACASI) at baseline (T1, 7/1/2002-4/16/2004), \~10 months (T2, 12/2/2002-11/4/2005) and \~24 months after enrollment (T3, 2/3/2004-11/7/2006). The University of Maryland Baltimore Institutional Review Board approved this research; all parents signed informed consent, and all adolescents signed informed assent.

Since the wide age range of the participants may distort the relations, we restricted the analyses to adolescents age 12--13 years at baseline (n = 157, 68.9%). 10.19% (n = 16) of the adolescents were overweight (BMI-for-age percentile: ≥85^th^ to \<95^th^), 26.11% (n = 41) obese (≥95^th^ percentile), 61.15% (n = 96) of healthy weight (≥5^th^ to \<85^th^ percentile) and 2.55% (n = 4) underweight (\<5^th^ percentile). Given the small sample of adolescents who were underweight, we further restricted the analytic sample to 153 adolescents who were either overweight/obese (n = 57) or healthy weight (n = 96).

Measures {#sec008}
--------

### Adolescent weight status at baseline {#sec009}

Trained research assistants measured the adolescents' height to the nearest 0.1cm (Shorr Productions, Olney, Maryland) and weight to the nearest 0.1kg (TANITA 300GS; Tanita Corp, Arlington Heights, IL) three times. The average of the three measurement was calculated and converted to age and sex-specific BMI percentiles based on CDC growth charts \[[@pone.0228585.ref040]\] to determine weight status.

### Depressive symptoms (DS) {#sec010}

Depressive symptoms were measured, rather than clinical depression. Although the current study addresses depressive symptoms, adolescents with subclinical forms of depression may experience negative consequences similar to those of clinical depression. Depressive symptoms were measured with the Beck Depression Inventory (BDI \[[@pone.0228585.ref041]\]), which consists of 21 items that address depressive symptoms in the past week, e.g., sadness, feeling guilty, and fatigue, using a 4-point response scale of severity. A summary score was calculated with higher scores indicating more depressive symptoms. The BDI has satisfactory concurrent and discriminant validity among adolescents \[[@pone.0228585.ref042]\]. For the current study, Cronbach's alpha was 0.88 and scores ranged from 0 to 44.

### Body dissatisfaction (BD) {#sec011}

Body dissatisfaction was measured by comparing perceived body image with ideal image, using a culturally adapted, age- and sex-specific, 9-point silhouette scale, modified from Stunkard, Sørensen, & Schulsinger, (1983) \[[@pone.0228585.ref043]\] to resemble Black youth \[[@pone.0228585.ref044]\]. The silhouettes were ordered from thinnest (rating = 1) to heaviest (rating = 9). The adolescents identified the silhouette closest to their current body size and then on a separate, but identical scale, the silhouette they desired. The discrepancy score was defined as perceived body size minus desired body size, with a positive discrepancy score indicating a desire to be thinner and a negative score indicating a desire to be heavier. Good test-retest reliability and high construct validity have been reported for this sample \[[@pone.0228585.ref044]\].

### Other variables {#sec012}

All the following variables were collected at T1.

**Adolescent age:** Age (years) was calculated by estimating the difference between self-reported date of birth and the interview date.

**Adolescent sex:** Adolescents' self-reported sex was categorized into males and females.

**Caregiver education:** Caregivers' self-reported education level was categorized into "lower than high school" and "high school diploma, GED or higher."

**Poverty:** Poverty ratio was calculated with caregiver-reported total family income, family size, and number of children, based on the 2003 federal poverty index \[[@pone.0228585.ref045]\] to match the time of data collection. It was further categorized as "at or below federal poverty threshold" and "above federal poverty threshold."

**Caregiver overweight/obesity:** Caregivers self-reported their own height and weight. BMI was calculated and was categorized into "overweight/obesity" (BMI\> = 25) vs. "healthy weight" (BMI\<25).

**Intervention:** Intervention status (intervention vs. control) was dummy coded based on the intervention assignment. The intervention group received a 12-session intervention based on socio-cognitive theory, delivered by Black college mentors, to promote healthy eating and physical activity. The control group did not receive any intervention.

Statistical analyses {#sec013}
--------------------

The investigations in this study were not planned in the original protocol of the obesity prevention trial (ClinicalTrials.gov identifier: NCT00746083). The protocol for this study can be found at protocols.io ([dx.doi.org/10.17504/protocols.io.8nnhvde](http://dx.doi.org/10.17504/protocols.io.8nnhvde)). Sample characteristics and body dissatisfaction/depressive symptoms were compared by weight status at each time point, with T-tests for continuous variables and Chi-square tests or Fisher exact tests (when at least one cell size\<10) for categorical variables, whichever was appropriate.

For each weight group, we conducted a trend test, the nonparametric test for trend across ordered groups, as an extension of the Wilcoxon rank-sum test \[[@pone.0228585.ref046]\], and tested whether body dissatisfaction or depressive symptoms had an increasing or decreasing trend over time \[[@pone.0228585.ref047]\].

To assess the relations between body dissatisfaction and depressive symptoms, we first assessed Pearson correlation coefficients among body dissatisfaction and depressive symptoms at T1-T3 and covariates at T1. Then we conducted cross-lagged panel models (CLPM) in structural equation modeling (SEM) framework to examine the bidirectional relations between body dissatisfaction and depressive symptoms, accounting for the stability of depressive symptoms or body dissatisfaction across time \[[@pone.0228585.ref048]\]. CLPM were tested with Mplus 8.0 \[[@pone.0228585.ref049]\] for each weight group. In CLPM, variance in each outcome (e.g. depressive symptoms) at T2 or T3 was derived from two main sources: the effect of the same variable (e.g. depressive symptoms) at an antecedent time point (T1 or T2, autoregressive paths), and the effect of the other variable (e.g. body dissatisfaction) at an antecedent time point (T1 or T2, cross-lagged paths). Correlations between variables measured concurrently (e.g., T1 depressive symptoms with T1 body dissatisfaction) were also assessed. CLPM has advantages over traditional growth modeling in that it can analyze the entire theoretical model (bidirectional relations, stability and correlation) in one analysis while the traditional growth modeling typically involves testing only one specific relation (e.g. depressive symptoms predicting later body dissatisfaction, or body dissatisfaction predicting later depressive symptoms). In addition, CPLM can test both the specific hypothesized relationships and the plausibility of the overall model (i.e., the fit of the model). Chi-square test (X^2^), comparative fit index (CFI), Root Mean Square Error of Approximation (RMSEA) were used to test how the models fit the data. Non-significant X^2^ test (p\>0.05), RMSEA\< = 0.08, TLI\>0.95 and CFI\>0.95 indicate good model fit \[[@pone.0228585.ref050]\]. The significance level was defined as p\<0.05.

Since depressive symptoms were slightly skewed (skewness 1.6--2.7), parameters were estimated with maximum likelihood estimation with robust standard errors (MLR). To explore whether sex moderates the relations, multiple-group CLPMs were conducted, comparing the cross-lagged paths, and autoregressive paths by sex, with Wald Chi-square (X^2^) tests. Since the data were collected from an obesity prevention study, we assessed the moderating effect of intervention on the bidirectional relations with multiple-group CLPM. In the absence of moderation by intervention, we combined the intervention and control groups and included intervention status as a covariate in all the analyses.

### Handling of missing values {#sec014}

For the overweight/obese group, 25% (T2) and 24% (T3) were lost to follow-up. For adolescents of healthy weight, 18% (T2) and 25% (T3) were lost to follow-up. No significant differences were found in the sample characteristics, body dissatisfaction or depressive symptoms at baseline by attrition for either weight group. Missing data were accounted using full information maximum likelihood (FIML).

Results {#sec015}
=======

Sample characteristics {#sec016}
----------------------

The mean age of the adolescents at T1 was 13.02 years (SD = 0.57); 53% were females and 47% were males; half (53%) were randomized to the intervention group. About three-quarters (78%) of the mothers had completed high school and slightly over half (58%) were living below the federal poverty level. About one-third (37%) of the adolescents were overweight or obese and 63% were of healthy weight. The overweight/obese group had a marginally higher percentage of females than the healthy weight group (63% vs. 47%, p = 0.051), with no differences in other characteristics including adolescent age, caregiver education or overweight/obesity, poverty, or intervention status ([Table 1](#pone.0228585.t001){ref-type="table"}).

10.1371/journal.pone.0228585.t001

###### Selected sample characteristics, depressive symptoms and body dissatisfaction for the healthy weight group (n = 96) and the overweight/obese group (n = 57), separately.

![](pone.0228585.t001){#pone.0228585.t001g}

  -----------------------------------------------------------------------------------------------------------------------------
                                                  Total\        Healthy weight (n = 96)   Overweight/obese (n = 57)    
                                                  (n = 153)                                                           
  ----------------------------------------------- ------------- ------------------------- --------------------------- ---------
  ***Adolescents***                                                                                                   

  **Age (Mean, SD)**                              13.02(0.57)   13.05(0.60)               12.95(0.52)                 0.261

  **Sex**                                                                                                             

      Female                                      81(53)        45(47)                    36(63)                      

      Male                                        72(47)        51(53)                    21(37)                      0.051

  **Intervention**                                                                                                    

      Control                                     72(47)        50(52)                    22(39)                      

      Intervention                                81(53)        46(48)                    35(61)                      0.106

  ***Caregivers***                                                                                                    

  **    Caregiver education**                                                                                         

      \<high school                               37(24)        20(21)                    17(30)                      

      \> = high school                            116(78)       76(79)                    40(70)                      0.209

  **Poverty**                                                                                                         

      No                                          59(42)        33(38)                    26(50)                      

      Yes                                         80(58)        54(62)                    26(50)                      0.164

  **Caregiver overweight/obesity (BMI\> = 25)**                                                                       

      No                                          34(22)        25(26)                    9(16)                       

      Yes                                         118(78)       70(74)                    48(84)                      0.161

  **Adolescent body dissatisfaction**                                                                                 

      Time 1                                      0.55(1.94)    -0.44(1.54)               2.22(1.32)                  \<0.001

      Time 2                                      0.44(1.70)    -0.36(1.30)               2.00(1.24)                  \<0.001

      Time 3                                      0.35(1.87)    -0.51(1.51)               1.85(1.46)                  \<0.001

  **Adolescent depressive symptoms**                                                                                  

      Time 1                                      6.93(7.87)    6.28(7.47)                8.04(8.46)                  0.184

      Time 2                                      4.47(6.84)    4.19(6.96)                4.95(6.65)                  0.562

      Time 3                                      4.33(6.40)    4.17(6.31)                4.60(6.63)                  0.736
  -----------------------------------------------------------------------------------------------------------------------------

^a^P values are based on T-tests for continuous variables or Chi-square tests/Fisher Exact tests for the categorical variables, whichever is appropriate.

Body dissatisfaction by weight status {#sec017}
-------------------------------------

[Table 1](#pone.0228585.t001){ref-type="table"} shows that body dissatisfaction score was significantly higher by \~2 silhouettes in the overweight/obese group than the healthy weight group at each time point of T1-T3 (ps\<0.001).

Trend tests showed that body dissatisfaction (continuous variable) was stable with no significant trends across time for each group (Z = -1.45 for the healthy weight group and Z = -1.74 for the overweight/obese group, ps\>0.05).

Depressive symptoms by weight status {#sec018}
------------------------------------

[Table 1](#pone.0228585.t001){ref-type="table"} shows that there was no difference in the depressive symptoms score by weight status at each time point of T1-T3 (ps\>0.10). Trend tests showed that depressive symptoms significantly decreased across time for both the overweight/obese group (mean 8.04 at T1, 4.95 at T2 and 4.60 at T3, Z = -2.60, p = 0.009) and the healthy weight group (mean 6.28 at T1, 4.19 at T2 and 4.17 at T3, Z = -2.28, p = 0.023).

Relations between body dissatisfaction and depressive symptoms {#sec019}
--------------------------------------------------------------

### Overweight/obese group {#sec020}

As shown in [Table 2](#pone.0228585.t002){ref-type="table"}, there were significantly positive correlations between adjacent time points for depressive symptoms (T1 and T2, T2 and T3), and between any two time points for body dissatisfaction (T1 and T2, T1 and T3, T2 and T3). In addition, depressive symptoms at T1 were correlated with body dissatisfaction at T2, and depressive symptoms at T2 and T3 were correlated with body dissatisfaction at T2 and T3, separately. Covariates with at least one significant or marginally significant correlation (ps\<0.10) with body dissatisfaction or depressive symptoms (poverty, maternal education, and intervention) were included in the CLPM.

10.1371/journal.pone.0228585.t002

###### Correlation coefficients of sample characteristics and body dissatisfaction and depressive symptoms over time.

![](pone.0228585.t002){#pone.0228585.t002g}

  ---------------------------------------------- -------------------------------------------- -------------------------------------------- --------------------------------------------- -------------------------------------------- -------------------------------------------- --------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- --------
  **Overweight/obese group (n = 57)**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
                                                 **1**                                        **2**                                        **3**                                         **4**                                        **5**                                        **6**                                         **7**                                        **8**                                        **9**                                        **10**                                       **11**                                       **12**
  **1: Age**                                     1.00                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  **2: Male**                                    0.11                                         1.00                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  **3: Poverty**                                 0.17                                         0.16                                         1.00                                                                                                                                                                                                                                                                                                                                                                                                                   
  **4: Overweight/obesity**                      0.08                                         -0.17                                        0.11                                          1.00                                                                                                                                                                                                                                                                                                                                                                     
  **5: Maternal education (\> = high school)**   -0.17                                        -0.14                                        -0.09                                         0.24[^a^](#t002fn002){ref-type="table-fn"}   1.00                                                                                                                                                                                                                                                                                                                        
  **6: Intervention**                            0.07                                         0.08                                         0.00                                          -0.05                                        0.27[^b^](#t002fn003){ref-type="table-fn"}   1.00                                                                                                                                                                                                                                                                           
  **7: DEP at T1**                               0.21                                         0.04                                         0.14                                          0.12                                         0.11                                         -0.07                                         1.00                                                                                                                                                                                                                             
  **8: DEP at T2**                               0.07                                         0.02                                         0.17                                          0.09                                         0.18                                         -0.07                                         0.37[^b^](#t002fn003){ref-type="table-fn"}   1.00                                                                                                                                                                                
  **9: DEP at T3**                               0.00                                         -0.27                                        -0.10                                         -0.16                                        0.25                                         -0.17                                         0.21                                         0.58[^b^](#t002fn003){ref-type="table-fn"}   1.00                                                                                                                                   
  **10: DIS at T1**                              -0.14                                        -0.16                                        -0.24[^a^](#t002fn002){ref-type="table-fn"}   0.07                                         0.29                                         -0.15                                         0.29                                         0.48                                         0.34                                         1.00                                                                                      
  **11: DIS at T2**                              -0.09                                        -0.25                                        -0.21                                         0.11                                         0.40[^b^](#t002fn003){ref-type="table-fn"}   -0.08                                         0.34[^b^](#t002fn003){ref-type="table-fn"}   0.40[^b^](#t002fn003){ref-type="table-fn"}   0.45[^b^](#t002fn003){ref-type="table-fn"}   0.54[^b^](#t002fn003){ref-type="table-fn"}   1.00                                         
  **12: DIS at T3**                              0.02                                         -0.24                                        -0.19                                         0.17                                         0.08                                         -0.38[^b^](#t002fn003){ref-type="table-fn"}   0.24                                         0.45[^b^](#t002fn003){ref-type="table-fn"}   0.50[^b^](#t002fn003){ref-type="table-fn"}   0.43[^b^](#t002fn003){ref-type="table-fn"}   0.69[^b^](#t002fn003){ref-type="table-fn"}   1.00
  **Healthy weight group (n = 96)**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
                                                 **1**                                        **2**                                        **3**                                         **4**                                        **5**                                        **6**                                         **7**                                        **8**                                        **9**                                        **10**                                       **11**                                       **12**
  **1: Age**                                     1.00                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  **2: Male**                                    0.17                                         1.00                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  **3: Poverty**                                 -0.10                                        -0.03                                        1.00                                                                                                                                                                                                                                                                                                                                                                                                                   
  **4: Overweight/obesity**                      0.17[^a^](#t002fn002){ref-type="table-fn"}   0.20                                         -0.08                                         1.00                                                                                                                                                                                                                                                                                                                                                                     
  **5: Maternal education (\> = high school)**   0.05                                         -0.12                                        -0.22[^b^](#t002fn003){ref-type="table-fn"}   -0.07                                        1.00                                                                                                                                                                                                                                                                                                                        
  **6: Intervention**                            0.00                                         0.02                                         0.20[^a^](#t002fn002){ref-type="table-fn"}    -0.01                                        -0.07                                        1.00                                                                                                                                                                                                                                                                           
  **7: DEP at T1**                               0.17[^a^](#t002fn002){ref-type="table-fn"}   -0.06                                        -0.12                                         -0.11                                        0.04                                         -0.08                                         1.00                                                                                                                                                                                                                             
  **8: DEP at T2**                               0.11                                         -0.11                                        -0.16                                         -0.16                                        -0.10                                        0.09                                          0.56                                         1.00                                                                                                                                                                                
  **9: DEP at T3**                               0.10                                         -0.10                                        -0.17                                         -0.04                                        0.05                                         0.13                                          0.48[^b^](#t002fn003){ref-type="table-fn"}   0.39[^b^](#t002fn003){ref-type="table-fn"}   1.00                                                                                                                                   
  **10: DIS at T1**                              -0.03                                        0.22[^b^](#t002fn003){ref-type="table-fn"}   0.11                                          0.01                                         -0.13                                        -0.09                                         -0.11                                        -0.10                                        -0.17                                        1.00                                                                                      
  **11: DIS at T2**                              -0.02                                        0.01                                         0.15                                          0.04                                         0.03                                         -0.04                                         0.05                                         0.21[^a^](#t002fn002){ref-type="table-fn"}   0.00                                         0.46[^b^](#t002fn003){ref-type="table-fn"}   1.00                                         
  **12: DIS at T3**                              -0.08                                        -0.12                                        -0.05                                         -0.09                                        0.18                                         -0.27[^b^](#t002fn003){ref-type="table-fn"}   0.24[^b^](#t002fn003){ref-type="table-fn"}   0.05                                         0.28[^b^](#t002fn003){ref-type="table-fn"}   0.03                                         0.46[^b^](#t002fn003){ref-type="table-fn"}   1.00
  ---------------------------------------------- -------------------------------------------- -------------------------------------------- --------------------------------------------- -------------------------------------------- -------------------------------------------- --------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- --------

DEP: depressive symptoms, DIS: body dissatisfaction.

^a^ indicates p = 0.05--0.10

^b^ indicates p\<0.05.

We conducted the CLPM with autoregressive paths and cross-lagged paths freely estimated among the overweight/obese group. The covariates were included by regressing the outcomes (body dissatisfaction and depressive symptoms) at each time point on the covariates. As suggested by Little \[[@pone.0228585.ref051]\], we deleted the relations with ps\>0.1 between covariates and the outcomes, leaving the regression of body dissatisfaction at T1 and T2 on maternal education, at T3 on intervention, and depressive symptoms at T2 on poverty (ps\<0.1) in the model. There was no significant difference between the T1-T2 and T2-T3 time intervals (0.99 vs. 1.07 years, p = 0.256 based on T test). Therefore, the equality in the cross-lagged paths over time was tested, comparing the cross-lagged relations in T1-T2 to the cross-lagged relations in T2-T3. The Wald test (X^2^ = 1.869, df = 2, p = 0.393) suggested that equality over time in the cross-lagged relations could not be rejected for either antecedent body dissatisfaction and later depressive symptoms, or antecedent depressive symptoms and later body dissatisfaction. The final model with equality constrained for the cross-lagged relations is illustrated in [Fig 1](#pone.0228585.g001){ref-type="fig"}. The regression coefficients and the model fitness criteria can be found in [Table 3](#pone.0228585.t003){ref-type="table"}. The model had a satisfactory fit to the data.

![Cross-lagged panel analyses on body dissatisfaction and depressive symptoms over time among Black adolescents of overweight/obese group (upper part) and healthy weight group (lower part), separately. DEP1-DEP3 indicate depressive symptoms at time 1, time 2 and time 3, separately. DIS1-DIS3 indicate body dissatisfaction at time 1, time 2 and time 3, separately. The model for the overweight/obese group controls for maternal education, intervention and poverty. The model for the healthy weight group controls for sex, intervention and adolescents' age. To simply the figures, the covariates were not depicted in the figure. Standardized estimate βs were presented. \* indicates p = 0.05--0.10. \*\* indicates p \<0.05.](pone.0228585.g001){#pone.0228585.g001}

10.1371/journal.pone.0228585.t003

###### The regression coefficients in the CLPM by weight status among Black adolescents age 12--13 years.

![](pone.0228585.t003){#pone.0228585.t003g}

                                                                                                    T1-T2                  T2-T3          
  ------------------------------------------------------------------------------------------------- ------------ --------- ------------- ---------
  **Overweight/obese group (n = 57)**                                                                                                    
  **Cross-lagged relations**                                                                                                             
  DIS predicting later DEP                                                                          0.42(0.11)   \<0.001   0.36(0.09)    \<0.001
  DEP predicting later DIS                                                                          0.25(0.10)   0.012     0.17(0.08)    0.045
  **Stability**                                                                                                                          
  DIS predicting later DIS                                                                          0.44(0.12)   \<0.001   0.63(0.08)    \<0.001
  DEP predicting later DEP                                                                          0.22(0.14)   0.12      0.39(0.15)    0.011
  Model fitness: Chi-square X^2^ = 18.058, df = 19, p = 0.519, RMSEA\<0.001, CFI = 1.0, TLI = 1.0                                        
  **Healthy weight group (n = 96) **                                                                                                     
  **Cross-lagged relations**                                                                                                             
  DIS predicting later DEP                                                                          0.01(0.07)   0.878     -0.09(0.19)   0.633
  DEP predicting later DIS                                                                          0.16(0.10)   0.119     0.07(0.16)    0.685
  **Stability**                                                                                                                          
  DIS predicting later DIS                                                                          0.48(0.09)   \<0.001   0.43(0.15)    0.004
  DEP predicting later DEP                                                                          0.63(0.13)   \<0.001   0.52(0.15)    \<0.001
  Model fitness: Chi-square X^2^ = 18.935, df = 19, p = 0.461, RMSEA\<0.001, CFI = 1.0                                                   

DIS indicates body dissatisfaction, and DEP indicates depressive symptoms. Standardized regression coefficient βs were reported. a. The model for overweight/obese group included maternal education, poverty, intervention as covariates. b. The model for healthy weight group included sex, intervention and adolescents' age as covariates.

The cross-lagged paths were significant in both directions among adolescents with overweight/obesity ([Table 3](#pone.0228585.t003){ref-type="table"}): (1) antecedent body dissatisfaction predicted later depressive symptoms and (2) antecedent depressive symptoms predicted later body dissatisfaction. The relation between antecedent body dissatisfaction and later depressive symptoms was stronger than the relation between antecedent depressive symptoms and later body dissatisfaction. In addition, there was moderate stability for body dissatisfaction (β = 0.44--0.63). The stability for depressive symptoms was weaker, compared to body dissatisfaction ([Table 3](#pone.0228585.t003){ref-type="table"}).

### The moderating effect of sex among overweight/obese group {#sec021}

There were no differences in body dissatisfaction by sex. Females had marginally higher depressive symptoms than males at T3 (mean 6.00 vs. 2.31, p = 0.080). Multiple-group CLPM was conducted by sex. Given the small sample size for the overweight/obese group, no covariates were included. No significant differences by sex were found for the cross-lagged paths (Wald test X^2^ = 0.379, df = 2, p = 0.827), or the autoregressive paths (Wald test X^2^ = 6.60, df = 4, p = 0.159).

### Healthy weight group {#sec022}

As shown in [Table 2](#pone.0228585.t002){ref-type="table"}, there were positive correlations between body dissatisfaction at adjacent time points (T1 and T2, T2 and T3) and between depressive symptoms at T3 and depressive symptoms at T1 and T2, separately. Body dissatisfaction at T3 was positively correlated with depressive symptoms at T1 and T3, separately. Body dissatisfaction and depressive symptoms were correlated at T2. Three covariates had significant or marginally significant correlations with body dissatisfaction or depressive symptoms: sex, age and intervention. They were included in the CLPM.

Similar to the overweight/obese group, we conducted a cross-lagged model with both autoregressive path and cross-lagged paths freely estimated with covariates. The regression coefficients were deleted from the model with ps\>0.10 between the covariates and the outcomes, leaving the regression of body dissatisfaction at T1 on sex, body dissatisfaction at T3 on intervention and depressive symptoms at T1 on age. The T1-T2 time interval was shorter than T2-T3 time interval (mean 0.85 vs. 1.13 years, p\<0.001). Therefore, we did not test the equality in the cross-lagged paths. The model fit the data well ([Table 3](#pone.0228585.t003){ref-type="table"}).

In the CPLM, there was no relation between antecedent depressive symptoms and later body dissatisfaction or antecedent body dissatisfaction and later depressive symptoms ([Table 3](#pone.0228585.t003){ref-type="table"}). Body dissatisfaction and depressive symptoms showed moderate stability over time (β = 0.43--0.48 for body dissatisfaction and β = 0.52--0.63 for depressive symptoms, [Table 3](#pone.0228585.t003){ref-type="table"}).

### The moderating effect of sex among healthy weight group {#sec023}

Body dissatisfaction significantly differed by sex at T1 (mean -0.80 females vs. -0.12 males, p = 0.034). However, on average, the sex subgroups in the healthy weight group did not have strong desires to change their body weight. No significant sex differences were found for body dissatisfaction at T2 or T3, or depressive symptoms at T1-T3. The moderating effect of sex on the relations was assessed by multiple-group CLPM. No significant sex differences were found for either the cross-lagged paths (Wald test X^2^ = 2.221, df = 4, p = 0.695) or the autoregressive paths (Wald test X^2^ = 1.739, df = 4, p = 0.784).

Discussion {#sec024}
==========

This study has two main findings among Black adolescents from low-income communities. First, body dissatisfaction differed by weight status, but depressive symptoms did not. Second, there were bidirectional relations between body dissatisfaction and depressive symptoms in the overweight/group, not in the healthy weight group. The exploratory analyses found no sex variation in the relations between body dissatisfaction and depressive symptoms, regardless of body weight.

First, Black adolescents in the overweight/obese group had high body dissatisfaction compared to Black adolescents of healthy weight. There is evidence suggesting that Black adolescents are less vulnerable to the pressures related to thinness ideal, compared to White adolescents \[[@pone.0228585.ref052]\]. In addition, over three fourth of the mothers were overweight or obese in the sample of Black adolescents from low-income families. Thus, one might expect that the Black adolescents from low-income families might be protected from the thinness ideal. However, this study found that Black adolescents of overweight/obese status wished to reduce their weight by 2 silhouettes on average. In addition, adolescents of overweight/obese status had significantly higher body dissatisfaction than adolescents of healthy weight. This finding is consistent with a report that increased weight was associated with greater body dissatisfaction among Black preadolescent girls \[[@pone.0228585.ref053]\]. The higher body dissatisfaction among the overweight/obese group suggests that the COBWEBS model applies to Black adolescents. Black adolescents were not immune from the weight-related psychosocial impact \[[@pone.0228585.ref054]\]. Although Black adolescents might have fewer concerns with body size than White adolescents\[[@pone.0228585.ref055]\], this study is consistent with other studies reporting that Black adolescents also view their overweight/obese status as a stigma \[[@pone.0228585.ref053]\].

In contrast, depressive symptoms did not differ significantly by weight status and depressive symptoms decreased over time for both groups. Although the healthy weight group was in general satisfied with their body weight, other psychosocial, or environmental factors might induce stress and lead to depressive symptoms \[[@pone.0228585.ref056]\] in the healthy weight group, given that early adolescence occurs around the onset of puberty and is marked by dramatic changes in hormone level. The decrease in depressive symptoms among the adolescents may reflect increasing social maturity with age and the ability to handle psychosocial stressors.

Second, there were bidirectional relations between body dissatisfaction and depressive symptoms among overweight/obese adolescents. The positive relation between antecedent body dissatisfaction and later depressive symptoms is consistent with a report that Black adolescents with high body dissatisfaction have high depressive symptoms \[[@pone.0228585.ref057]\]. However, it is contradictory to a cross-sectional study that reported a lack of relationship between body dissatisfaction and depressive symptoms among Black adolescents mixed of healthy weight and overweight/obese status \[[@pone.0228585.ref035]\]. The positive relation between antecedent body dissatisfaction and later depressive symptoms supports the "thinness ideal theory" that overweight/obesity increases body dissatisfaction, and the weight-related concern or pressure \[[@pone.0228585.ref021], [@pone.0228585.ref058]\] in turn leads to depressive symptoms\[[@pone.0228585.ref025], [@pone.0228585.ref027]\]. Future studies need to assess whether the relation holds among Black adolescents from middle-class families who may have mothers with a lower prevalence of overweight/obesity.

In addition, this study found that antecedent depressive symptoms predicted later body dissatisfaction in adolescents with overweight/obesity. This finding is consistent with a review article on cognition and depression \[[@pone.0228585.ref029]\] and with several other prospective studies on mainly White adolescents at different stages of development \[[@pone.0228585.ref009], [@pone.0228585.ref032]\]. Findings support the theory that negative self-appraisals are associated with depressive symptoms. Depressive symptoms involve a negative view of life \[[@pone.0228585.ref059]\] and can lead to body dissatisfaction if they are reflected on body weight. Since body dissatisfaction is a risk factor of disordered eating among Black adolescents, the finding that depressive symptoms predicted body dissatisfaction in Black adolescents with overweight/obesity suggests that prevention and treatment of eating disorders among Black adolescents should consider the prevention of depressive symptoms in addition to the reduction of body dissatisfaction.

Third, there were no relations between body dissatisfaction and depressive symptoms among the adolescents of healthy weight. Among this sample of Black adolescents in early adolescence, three-quarters of the adolescents of healthy weight were satisfied with their body size while 60% of overweight/obese adolescents were not satisfied with their body size. Low body dissatisfaction may explain the lack of the positive association with antecedent body dissatisfaction and later depressive symptoms. Interiorization in Black adolescents of a corporal aesthetic may differ from that of Whites in the healthy weight group \[[@pone.0228585.ref060]\]. In White adolescents, especially females, body dissatisfaction has a normative presence. One study found that one third of non-Hispanic White girls were dissatisfied with their body weight, even when their BMI was at or below the age- and sex-specific median, while Black adolescents of healthy weight were more likely to accept their body weight \[[@pone.0228585.ref060]\].

Finally, this study explored the moderating effect of sex on the relations between body dissatisfaction and depressive symptoms. No sex variation was found for either weight group. Previous studies assessed the variation in the relation between body dissatisfaction and depressive symptoms by weight status or sex, but not both. The lack of significant differences in body dissatisfaction or depressive symptoms by sex in Black early adolescents is consistent with a study on body dissatisfaction among Black adolescents of \~13 years \[[@pone.0228585.ref061]\], but contradictory to a study reporting a higher prevalence of depressive symptoms among females than males in a national representative sample of adolescents aged 12--17 years \[[@pone.0228585.ref062]\]. The finding that there was no significant moderating effect of sex for either weight group is contradictory to the two studies that found sex variation in the bidirectional relations between body dissatisfaction and depressive symptoms \[[@pone.0228585.ref030], [@pone.0228585.ref031]\]. The high body dissatisfaction among adolescent males and the lack of variation by sex for either weight group suggest that prevention of psychological disorders among Black adolescents with overweight/obesity should not ignore the psychosocial impact for adolescent males.

Strengths {#sec025}
---------

This study has several strengths. First, it is a prospective study that examined the bidirectional relations between body dissatisfaction and depressive symptoms in Black early adolescents from low-income families. It assessed the relations for adolescents with overweight/obesity or adolescents of healthy weight, separately. Second, a novel statistical model of CLPM was used to assess the bidirectional relations. This method allows the test of the bidirectional relations, after accounting for the stability of the same outcomes. Third, we assessed Black adolescents in early adolescence (12--13 years) from low-income families. An estimated 58% of the adolescents were under the federal poverty threshold and 78% of the mothers were overweight/obese, suggesting that the adolescents were at high risk of overweight/obesity and mental health problems. Fourth, depressive symptoms and body dissatisfaction were measured through computerized ACASI, which has been shown to increase the reporting of sensitive behaviors \[[@pone.0228585.ref063]\].

Limitations {#sec026}
-----------

This study has several limitations. First, the modest sample size for weight status limits the power to assess sex differences in the relations. Future studies need to recruit larger samples to assess the sex differences. Second, half of the families lived below the federal poverty threshold, increasing their risk for both depressive symptoms \[[@pone.0228585.ref064]\], and overweight/obesity\[[@pone.0228585.ref003]\]. The findings should be replicated before being generalized to Black adolescents from other socio-demographic backgrounds, e.g. adolescent of middle-class families. Third, although the BDI has been conducted among adolescents, we recommend considering the CDI, which was developed for children, for future studies \[[@pone.0228585.ref065]\]. Fourth, the temporal relation between body dissatisfaction and depressive symptoms in either direction does not necessarily indicate a causal relation.

Conclusion and implications {#sec027}
---------------------------

In summary, the reciprocal body dissatisfaction--depressive symptom relations among Black adolescents with overweight/obesity, but not their counterparts of healthy weight, suggest that overweight/obesity is a stressor in development of serious psychological disorders, e.g. body dissatisfaction and depressive symptoms among Black early adolescents, similar to adolescents of other racial/ethnic groups.

The findings have implications for mental health and obesity prevention intervention programs among Black adolescents. First, the high rates of overweight/obesity among Black adolescents and the elevated mental health problems among the overweight/obese group highlight the need to prevent overweight/obesity among Black early adolescents. Overweight/obesity prevention programs may encourage the black adolescents to recognize personal strengths other than body weight\[[@pone.0228585.ref066], [@pone.0228585.ref067]\]. Second, the bidirectional relations between body dissatisfaction and depressive symptoms among the overweight/obese group suggest that prevention of body dissatisfaction and depressive symptoms may be mutually beneficial and potentially combined. Treatment and prevention of depressive symptoms may prevent the onset of body dissatisfaction and disordered eating, and prevention of body dissatisfaction might prevent the development of depressive symptoms among Black adolescents with overweight/obesity. Third, a lack of sex differences in the relations suggests that prevention of mental health disorder in Black early adolescents should include both sexes.
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